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ABSTRACT

Temporal and spatial patterns in biomass and abundance of 16 species of groundfish and four
groups of groundfish species during 1963-2002 were determined using data from annual spring
and autumn research vessel bottom trawl surveys conducted by the Northeast Fisheries Science
Center (NEFSC) and the Massachusetts Department of Marine Fisheries (MADMF). Maps
were created depicting abundance distributions, within five-year periods, for each species and
species group. General temporal trends in abundance and biomass were modeled with regression
analysis. The results indicate varying degrees of spatial change in distribution, and a general
decline in overall groundfish abundance through 2002.






INTRODUCTION

The northeast demersal groundfish complex was defined by the Northern Demersal
Subcommittee of the Northeast Regional Stock Assessment Workshop as a group of sixteen
species inhabiting the northeast United States continental shelf (NEFSC 1996). The group
comprises: (a) ten species regulated under the Northeast Multispecies Fishery Management Plan:
Atlantic cod (Gadus morhua), haddock (Melanogrammus aeglefinus), pollock (Pollachius
virens), Acadian redfish (Sebastes fasciatus), white hake (Urophycis tenuis), yellowtail flounder
(Limanda ferruginea), American plaice (Hippoglossoides platessoides), witch flounder
(Glyptocephalus cynoglossus), winter flounder (Pseudopleuronectes americanus), and
windowpane flounder (Scophthalmus aquosus; NEFMC 1993); (b) three species exploited by
small mesh fisheries: silver hake (Merluccius bilinearis), red hake (Urophycis chuss), and ocean
pout (Macrozoarces americanus); and (c) three additional species often caught by the northeast
demersal fishery: Atlantic wolffish (Anarhichas lupus), goosefish, (Lophius americanus) and
cusk (Brosme brosme). In 1995, a request was made by the Steering Committee of the Stock
Assessment Workshop for the 21* Stock Assessment Review Committee to investigate the
distribution of these species (NEFSC 1996). Several analytical techniques including Generalized
Additive Models (O’Brien 1997), habitat preference (Helser and Brodziak 1996), and Lorenz
Curve (Wigley 1996) methods were used at this time to examine the changes in distribution for
some of the species. This report provides a retrospective analysis of indices of abundance and
biomass through 2002 for 25 individual stocks and 12 aggregate groups from Northeast Fisheries
Science Center (NEFSC) and Massachusetts Division of Marine Fisheries (MADMF) research
vessel bottom trawl surveys but is not intended to replace individual stock assessments. A
simple examination of temporal and spatial trends in the distribution of species comprising the

complex is also presented.



METHODS
Stock Indices and Distribution

NEFSC offshore research vessel bottom trawl surveys have been conducted annually in
the autumn since 1963 (offshore strata 61-76 started in 1967), and in the spring since 1968
(Azarovitz 1981). Inshore stations (<27 m; 15 fm) from Southern New England to Cape
Hatteras were added to the surveys beginning in autumn 1972, and then added in the Gulf of
Maine beginning in spring 1979. Sampling is based on a stratified random design using area and
depth zones (Figures 1, 2, 3 and 4). Between 300 and 600 stations are sampled in each survey,
with the number of stations allocated to each stratum in proportion to stratum area. Standard
tows are 30 minutes in duration, at a towing speed of approximately 3.8 knots.

Several gear changes have occurred since the start of the NEFSC surveys (NEFSC 1991).

In 1985, “Portuguese polyvalent” doors replaced the “BMV” oval doors used since 1963. Three
vessels have conducted the survey (Albatross IV, Delaware Il and Atlantic Twin). The standard
sampling gear used in the surveys has been the “#36 Yankee” trawl , except during the spring
from 1973 through 1981 when a “#41 Yankee” trawl was used. Conversion factors for these
gear changes have been calculated for some species (NEFSC 1991; Sissenwine and Bowman
1978). The Atlantic Twin surveyed the inshore areas from autumn 1972 to spring 1975, but no
conversion factors have been calculated for this vessel.

Massachusetts inshore spring and autumn bottom trawl surveys, conducted by the
Massachusetts Division of Marine Fisheries, were initiated in 1978 (Howe 1989). Sampling is
based on a stratified random design using five geographic regions and six depth strata (Figure 5).

In each seasonal survey, approximately 100 sampling stations are allocated and assigned in
proportion to the stratum area. Standard tows are 20 minutes in duration at a speed of 2.5 knots.

The sampling gear is a 3/4 North Atlantic type two seam (‘whiting') otter trawl. Two vessels



have conducted the survey (Francis Elizabeth, 1978-1981; Gloria Michelle, 1982-Present) but
no conversion factors are available.

For each stock, indices of relative biomass (stratified mean weight per tow) and
abundance (stratified mean number per tow) were calculated for each of the surveys (Cochran
1977). Strata sets, transformations, and gear conversions used for each stock are listed in Table
1. Distribution maps of abundance were developed for each species for five-year periods. The
depth contours on each map represent 60 m (33 fathoms), 90 m (50 fm), 180 m (100 fm) and 900
m (500 fm). The 60 m contour was not digitized east and north of Cape Cod and is not plotted in

this region.

Aggregate Indices and Distribution

Abundance and biomass indices were calculated for four aggregate groups of species:
principal groundfish (Atlantic cod, haddock, pollock, Acadian redfish, and white hake), principal
flounders (yellowtail flounder, American plaice, witch flounder, winter flounder, and
windowpane flounder), small-mesh groundfish (silver hake, red hake, and ocean pout), and other
groundfish (Atlantic wolffish, goosefish, and cusk). The indices were calculated for three areas:
Gulf of Maine (Offshore Strata 26-30,36-40), Georges Bank (Offshore Strata 13-25), and
Southern New England (Offshore Strata 1-12) for both seasons of the NEFSC survey. Indices
were also calculated for these groups for the entire Massachusetts survey area for both seasons.
Distribution maps (in five-year blocks) were generated for each species group using data from

both the NEFSC and the Massachusetts trawl surveys.



Trend Analyses

General temporal trends in survey indices of abundance and biomass were modeled with
regression analysis. The rate of change in a stock was assumed to be an exponential process:

Ni=Ng €' (1)
where abundance (N) at time t is a function of abundance in the previous year and the
exponential rate of change (r). The parameter r is a composite rate incorporating recruitment,
somatic growth (for biomass), natural mortality and fishing mortality (and perhaps emigration
and immigration). When r equals zero, the stock size remains constant, because mortality and
growth (including recruitment) are in balance. When r is negative the stock declines (mortality
exceeds growth and recruitment) and when r is positive the stock increases (growth and
recruitment exceed mortality). The same process can be assumed for an index of abundance (n):

n=ne; e (2)

A value of r was estimated for each survey time series (autumn NEFSC; spring NEFSC;
autumn Massachusetts; spring Massachusetts) with simple loglinear regression:

n=n,e""" 3)
or

Ln(n¢) = Ln(n,) + rt +e 4)
where an abundance index observation is a loglinear function of the predicted index level at the
start of the series (n,), the exponential rate of change over t years, and a lognormally distributed
observation error (g). As this simple model assumes that r is constant over the survey time

series, episodes of recruitment and mortality are integrated over the time series.



RESULTS AND DISCUSSION

Stock Indices and Distribution

Spring and autumn NEFSC survey abundance and biomass indices from 1963-2002 are
presented in Appendix A (Figures A1-A10). Abundance and biomass indices from the spring and
autumn Massachusetts surveys, 1978-2002, are presented in Appendix B (Figures B1-B6). Species
distributions in the NEFSC surveys are presented in Appendix C (Figures C1-21), and distributions
in MADMF surveys are presented in Appendix D (Figures D1-D20). Station locations in these
NEFSC and MADMEF surveys are depicted in the first set of figures of Appendices C and D.

Indices of biomass and abundance for Gulf of Maine cod in the NEFSC spring and
autumn surveys declined from the early 1980s to the early 1990s after a ten-year period of
fluctuating catches (Figure A1; Mayo 1998; Mayo et al. 2002b). NEFSC survey indices of Gulf
of Maine cod in 1997 remained at or near record-low levels but increased through 2002. The
very large 2002 autumn survey index was due primarily to one large tow (Mayo and Terceiro,
2005). The distribution map of cod in the Gulf of Maine shows high catches in inshore waters
(around and inshore of the 50 fathom contour), particularly since 1979 when the survey first
began to sample these habitats (Figure C2). The most recent survey time block (1998-2002)
shows the highest concentrations of Gulf of Maine cod are found in inshore waters while low
catches occur in the deeper waters of the central Gulf of Maine (Figure C2d). Biomass indices
of cod from the MADMEF spring survey declined throughout the entire time series despite large
survey catches in 1989 and 1990 (Figure B1). The large indices recorded in the spring of 1999
through 2001 surveys were due mainly to the 1998 year class (Mayo and Terceiro 2005). The
majority of Gulf of Maine cod sampled by the inshore survey were caught in Massachusetts Bay

at stations greater than 15 m (8 fm) deep (Figure D2).



Georges Bank cod indices of abundance and biomass in the NEFSC spring and autumn
surveys declined steadily from the 1970s to the 1990s after an initial increase in the late 1960s
(Figure A1; O’'Brien 1998; O’Brien and Munroe 2001). Abundance and biomass indices of
Georges Bank cod from NEFSC surveys in spring 2002 and autumn 2001 remained at or near
record-low levels. The large 2002 survey values were caused primarily by a few large tows
(Mayo and Terceiro 2005). The decline in abundance can also be seen in the distribution of cod
on Georges Bank (Figure C2) both in the autumn and in the spring. By the autumn period from
1993-1997, cod were not present in the central portion of the northern edge and in Southern New
England, and the remaining were concentrated on the Northeast Peak and in the Great South
Channel. This pattern remained in place for the 1998-2002 time period as well. Cod are
distributed in shallower waters on Georges Bank in the spring than in the autumn. Cod are found
in the deeper waters of the northern edge of Georges Bank in the autumn.

Abundance and biomass indices for Gulf of Maine haddock from the NEFSC autumn
and spring surveys followed similar trends, with a sharp decline in the 1960s followed by a
smaller peak in the late 1970s (NEFC 1986; NEFSC 2001a; Figure Al). A steady decrease then
occurred, and both abundance and biomass fluctuated at extremely low levels from the mid-
1980s to near historic lows in 1997. Increases in both biomass and abundance indices occurred
from 1997-2002 in the spring and through 2000 in the autumn (Mayo and Terceiro 2005). The
decline and subsequent increase in haddock abundance in the Gulf of Maine can also be seen in
the distribution plots based on NEFSC surveys, particularly between the 90 m (50 fm) and 180 m
(100 fm) depth contours (Figure C3). All MADMEF indices of haddock abundance and biomass
decreased through 1997 and then increased, similar to the NEFSC survey indices (Figure B1).

MADMF inshore autumn catch rates of Gulf of Maine haddock have been used to indicate year



class strength because the survey is able to detect differences in cohort strength (NEFC 1986).
Although haddock were caught in very low numbers from 1983 to 1997, the 1998 year class was
apparently detected (NEFSC 2001a).

Georges Bank haddock indices of abundance and biomass declined rapidly from very
high levels supported by large year classes from the early to mid-1960s, increased in the 1970s
following recruitment of large year classes, but remained low through the mid-1990s (Figure Al;
Brown and Munroe 2000). Indices increased slightly through 1997 but remained well below
historic levels. The increase in the value of the spring index in 1996 was due to a single large
tow in an area that had been closed to fishing since December 1994. Further increases in the
survey indices occurred through 2002 as the above average 1998 year class recruited to the
survey and was protected by the closed areas (Mayo and Terceiro 2005). Haddock appeared to
have concentrated on the Northeast peak and in the Great South Channel from the early 1980s
through 2002 (Figure C3).

The NEFSC pollock biomass and abundance indices declined steadily following a peak
in the mid-1970s (Figure A2; Mayo and Terceiro 2005) and remained among the lowest values
detected through 1997. The spring survey indices remained low but highly variable through
2002 while the autumn survey indices increased steadily. Pollock were found in greatest
numbers in Massachusetts Bay, the edges of Georges Bank, the Great South Channel and the
Scotian Shelf (Figure C4). Pollock were generally found in the shallows of Georges Bank in
slightly higher numbers in the spring than in the autumn (Figure C4). The decline in abundance
indices over the time series can be seen in the increased proportion of tows with zero pollock

catch, mostly in the Gulf of Maine. Pollock have been sampled in all but two MADMF autumn



surveys (Figure B1). The majority of pollock caught by the MADMF survey were in
Massachusetts Bay in the spring (Figure D4).

The NEFSC biomass and abundance indices for Acadian redfish declined steadily from
1963 through 1982 (Figure A2; Mayo 1993; Mayo et al. 2002a). From 1982 through 1995 there
was a slight increasing trend. In 1996, the availability of redfish to the survey gear in the autumn
appeared to have changed abruptly and the abundance indices increased to a new maximum
value. The 1997 spring survey was dominated by one very large tow (the largest in the time
series). The increase in survey abundance and biomass indices continued through 2002 and
appears to have been caused by an increased survival of year classes produced in the 1980s
(Mayo and Terceiro 2005). These changes are evident also in the distribution maps for both the
spring and the autumn (Figure C5). MADMEF redfish indices have fluctuated without trend
(Figure B1), but appear to detect relatively abundant year classes. The inshore survey may not
adequately sample redfish for stock assessment purposes because they were not present in ten
spring surveys and seven autumn surveys. The Massachusetts survey catches some redfish in
deep waters of Massachusetts Bay (Figure D5).

Spring and autumn indices of biomass and abundance for white hake in the NEFSC
survey increased in the 1960s and fluctuated without trend throughout the 1970s (Figure A2;
NEFSC 1995; Sosebee et al. 1998; NEFSC 1998; NEFSC 2001b). The indices then fluctuated
without trend at a slightly lower level than in the 1970s during the remainder of the time series.
Since the early 1990s, the indices declined and were at or near record low levels in 1997. The
survey indices increased slightly through 2002 due to a large 1998 year class (Mayo and
Terceiro 2005). White hake are caught in shallower waters in the autumn, when juveniles are

found in inshore areas (Figure C6). In the spring, white hake are located in deeper waters of the



Gulf of Maine and off the southern slope of Georges Bank (Figure C6). All MADMEF white
hake abundance and biomass indices decreased during the time series (Figure B2). Most white
hake caught by the Massachusetts survey were in Cape Cod and Massachusetts Bays in the
autumn (Figure D6).

Georges Bank yellowtail flounder indices of biomass and abundance exhibited a steady
decline from the beginning of the time series (Figure A3; Cadrin 1997; Cadrin et al. 2000) in the
NEFSC survey. Biomass and abundance indices increased temporarily in 1980 and 1981,
fluctuated in the late 1980s and early 1990s, and increased rapidly through 2001-2002 (Mayo
and Terceiro 2005). The decrease in abundance is shown in the distribution maps for both
seasons (Figure C7), and the increased survey catches in recent years are primarily from the
eastern portion of Georges Bank (Figure C7d).

Southern New England — Mid-Atlantic yellowtail flounder NEFSC survey indices
fluctuated without trend throughout the 1960s but declined precipitously in the early 1970s
(Cadrin 2003; Figure A3). An increase occurred in the late 1970s and early 1980s, but the
indices again decreased and remained relatively low for the rest of the time period, except for a
small increase due to the 1987 year class. Yellowtail flounder became concentrated around the
60 m (33 fm) contour in southern New England as abundance declined (Figure C7). Spring
MADMF abundance indices declined (Figure B2) although SNE yellowtail flounder are rarely
caught by the MADMEF survey (Figure D7), and were absent in several years.

NEFSC abundance and biomass indices of Cape Cod — Gulf of Maine yellowtail
flounder (Cadrin and King 2003) fluctuated at low levels throughout the 1980s and 1990s
(Figure A3). The spring survey indices increased through 2000 while the autumn survey indices

remained variable. MADMEF spring biomass and abundance indices of Cape Cod yellowtail



decreased from 1978 through 1986, but remained relatively constant between 1987 and 2002
(Figure B2). Yellowtail flounder in the Cape Cod group are generally caught at stations greater
than 30 m (17 fm) deep by the MADMEF inshore survey (Figure D7).

American plaice NEFSC survey indices of abundance and biomass declined from the
1960s through the early 1970s (Figure A3; O’Brien et al. 1992; O’Brien and Esteves 2001). A
period of high relative abundance followed until the early 1980s when abundance again began to
decline. This decline continued throughout the 1980s, reaching a low in 1987. Since that time
there has been a generally increasing trend in both indices (Mayo and Terceiro 2005).
Concentrations of American plaice can be found around the 90 m (50 fm) contour in the NEFSC
surveys (Figure C8). Spring MADMEF inshore indices fluctuated without trend throughout the
time-series (Figure B2). Autumn MADMF indices increased from 1987 through 1991 then
slightly decreased (Figure B2). American plaice are most frequently caught by the MADMF
survey at stations greater than 60m (33 fm) deep (Figure D8).

Witch flounder indices of biomass and abundance have been variable, exhibiting an
overall declining trend throughout most of the NEFSC survey time series (Figure A4; NEFSC
1994; Wigley and Mayo 1994; Wigley et al. 1999; Wigley et al. 2003) and reaching a record low
in the late 1980s. Both abundance and biomass indices remained low until very recently, with
increased abundance in the last five years. Witch flounder are found primarily at depths
exceeding 90 m (50 fm) in the NEFSC surveys (Figure C9). All MADMF biomass and
abundance indices decreased (Figure B3). Most witch flounder sampled by the inshore survey in
the Gulf of Maine are caught in Massachusetts Bay at stations greater than 40 m (22 fm) deep

(Figure D9).
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Gulf of Maine winter flounder biomass and abundance indices decreased in both the
spring and autumn NEFSC surveys from 1981 to the early 1990s (Figure A4; NEFSC 2003).
While these indices have since fluctuated, an overall decrease in biomass is evident until the last
few years (Mayo and Terceiro 2005). The majority of winter flounder caught in the NEFSC
survey are found in waters less than 90 m (50 fm; Figure C10). MADMEF spring biomass
decreased through the mid-1980s and gradually increased through 2000 (Figure B3). Winter
flounder catches in the Gulf of Maine are distributed throughout the range covered by the
MADMEF inshore survey (Figure D10).

Georges Bank winter flounder abundance and biomass indices from the NEFSC survey
fluctuated without trend until the late 1970s when biomass began to steadily decline while
abundance continued to fluctuate in response to apparent variability in recruitment (Figure A4;
Brown et al. 2000; NEFSC 2002a). Both indices reached record lows in 1991 but had increased
through 2002 (Mayo and Terceiro 2005). Winter flounder occur on the shallowest parts of
Georges Bank (Figure C10).

Southern New England-Mid-Atlantic winter flounder biomass and abundance indices
decreased in the 1960s to a low in the early 1970s in the NEFSC survey (Figure A4; Shepherd et
al. 1996; NEFSC 1999; NEFSC 2003). A short period of increase in the survey indices followed
until 1980 when there was a rapid decline in both indices. Since that time, indices fluctuated
without trend through 1996 at or near record-low levels, increasing in 1997. The autumn survey
continued to increase through 2002 (Mayo and Terceiro 2005). Most winter flounder in the
southern New England and Mid-Atlantic area are caught in waters less than 60 m (33 fm) deep

(Figure C10). MADMEF inshore spring indices of abundance and biomass declined throughout
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the 1980s, increasing after 1991 (Figure B3; NEFSC 1999). Most winter flounder in this area
are caught at stations greater than 20 m (11 fm) deep in MADMEF surveys (Figure D10).

Gulf of Maine — Georges Bank windowpane flounder indices of biomass and
abundance from the NEFSC surveys increased during the early part of the time series to the early
1970s (Figure AS; NEFSC 1993; NEFSC 1998; NEFSC 2002b). Subsequently, all indices
fluctuated without trend until the mid-1980s, when a steady decline began to occur. In the mid-
to-late 1990s, an increase in the survey indices occurred (Mayo and Terceiro 2005). The
majority of windowpane flounder in this stock unit occur on Georges Bank proper with some
fish also caught in shallower portions of the Gulf of Maine (Figure C11). There appears to be a
seasonal shift in distribution, with fish found in deeper waters off the southern flank of Georges
Bank in the spring and on top of the Bank in the autumn.

Southern New England — Mid-Atlantic windowpane flounder indices of abundance
and biomass from the NEFSC survey decreased through the mid-1990s, then remained relatively
low through 1997 with a slight increase through 2000 (Figure A5; NEFSC 1993; NEFSC 1998;
Mayo and Terceiro 2005). Indices through 2002 were among the lowest on record. This decline
in abundance in the NEFSC survey is shown in the distribution maps for this stock by both fewer
fish caught per tow and fewer tows with any windowpane flounder (Figure C11). Most
windowpane are now caught in inshore areas less than 60 m (33 fm).

The MADMEF indices of biomass and abundance for windowpane flounder for the entire
Massachusetts survey area decreased steadily between 1982 and 1991, increased through 1997,
and again declined through 2002 (Figure B3). The majority of windowpane flounder sampled by

the inshore survey are caught in the spring, at stations less than 30 m (17 fm) deep (Figure D11).
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Gulf of Maine — Northern Georges Bank silver hake indices of biomass and
abundance declined sharply in the early 1960s, but then generally increased since the late 1960s
(Figure A6; NEFSC 2006). This increase in abundance can be seen in the relative accumulation
of data points in the Gulf of Maine over time (Figure C12).

Southern Georges Bank — Mid-Atlantic silver hake indices decreased in the early part
of the time series then fluctuated without trend. (Figure A6; NEFSC 2006). The decline in
abundance can be seen in the distribution maps for the southern New England area in particular
(Figure C12).

MADMEF inshore biomass and abundance indices for silver hake have fluctuated without
trend (Figure B4). Most silver hake sampled by the Massachusetts survey are caught at stations
greater than 20 m (11 fm) deep in spring and throughout the Gulf of Maine in autumn (Figure
D12).

The trend in the Gulf of Maine — Northern Georges Bank red hake survey indices
resembles that of the northern stock of silver hake indices (Figure A6; Sosebee 2005). Most red
hake are caught between 60 m (33 fm) and 180 m (100 fm) in the NEFSC survey (Figure C13).

Southern Georges Bank — Mid-Atlantic red hake indices also followed a pattern
similar to the southern stock of silver hake (Figure A6; Sosebee 2005). Following a decline in
abundance and biomass indices in the 1960s, the 1970s represented a period of relative stability
as both biomass and abundance indices fluctuated without trend. In the mid-1980s, a slight
decline occurred and the indices are now fluctuating without trend at a lower level. This lower
level of abundance is also shown in the distribution maps for the late 1980s and 1990s in the

reduction of both numbers of fish and number of positive tows (Figure C13).
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MADMF spring indices of biomass and abundance for red hake decreased (Figure B4).
The majority of red hake sampled by the inshore survey are caught at stations greater than 20 m
(11 fm) deep in spring and greater than 30 m (17 fm) deep in autumn (Figure D13).

Spring NEFSC biomass and abundance indices of ocean pout declined in the early part
of the time-series until the mid-1970s, when a sharp increase occurred (Figure A7; NEFC 1990;
NEFSC 1998; NEFSC 2002b). In the mid-1980s, however, a decline began that continued
through 1997, with stable catches following through 2002 (Mayo and Terceiro 2005). The
seasonal difference in the catchability of ocean pout is evident in the distribution maps (Figure
C14). The decline in abundance is also evident as ocean pout have concentrated around the 60 m
(33 fm) depth contour, particularly in autumn. MADMF abundance indices from spring surveys
also decreased from the early 1980s through 1997 (Figure B4). Most ocean pout in the
Massachusetts survey are caught in the spring, predominantly in Cape Cod and Massachusetts
Bays, at depths greater than 30 m (17 fm; Figure D14).

Atlantic wolffish NEFSC abundance and biomass indices fluctuated without trend until
the 1980s, when they decreased precipitously and remained at or near record-low levels through
2002 (Figure A7; NEFSC 1998). Wolffish appeared to be concentrated between the 90 m (50 fim)
and 180 m (100 fm) depth contours in the NEFSC surveys (Figure C15). MADMF spring
biomass and abundance indices are more variable but indicate the same sharp decline (Figure
BS5). There have been 6 spring surveys and 17 autumn surveys which have not caught any
wolffish. In the latest 5-year time block, only one wolffish was caught in the spring, and no
wolffish were caught in the autumn. The Massachusetts survey caught wolffish primarily in the

spring in deep waters of Massachusetts Bay (Figure D15).
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NEFSC goosefish abundance indices fluctuated without trend throughout most of the
time series while there has been an overall decline in biomass indices (Figure A7, NEFSC 1992;
NEFSC 2002a). In the autumn survey, biomass has remained low while abundance has
increased, signifying a decline in the mean weight of the stock. Changes in distribution have
occurred over the time series with declines notably occurring in the Southern New England area
in waters between 90 m (50 fm) and 180 m (100 fm) (Figure C16). The recent increases in
abundance are due primarily to increased recruitment in the Gulf of Maine region. All MADMF
biomass and abundance indices decreased, except for autumn abundance, which increased
(Figure B5). Goosefish are caught in almost all Massachusetts survey strata in spring, and most
are caught at stations greater than 30 m (17 fm) deep in autumn (Figure D16).

NEFSC indices of biomass and abundance for cusk fluctuated greatly, but these indices
have steadily declined since 1985, and all indices remained at or near record-low levels through
2002 (Figure A7; NEFSC 1998). Cusk have been primarily distributed in deeper water in the
central portion of the Gulf of Maine (Figure C17). The steady decline is also evident in the
distribution maps, with very few fish caught in 1993-1997 and 1998-2002. Only one cusk was

caught in the 25-year MADMEF inshore survey.

Aggregate Indices
Gulf of Maine

Principal groundfish biomass and abundance indices from the NEFSC surveys declined
steadily over the time series in both spring and autumn (Figure A8). These indices were
dominated mostly by haddock and redfish at the start of the time series; by pollock, cod and

white hake during the 1970s; and by white hake followed by redfish in the later part of the time
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series. As a result of the shift in species composition from cod and haddock to white hake, and,
to a lesser extent, redfish during the 1980s, the aggregate biomass index for this group had
stabilized at a record-low level and the aggregate abundance index increased slightly through
1995. The increases in both survey indices from 1996-2002 were due primarily to the influx of
redfish and the large tow of cod in the 2002 autumn survey. The change in abundance is
reflected in the distribution maps with lower catches in the Gulf of Maine in 1993-1997,
followed by increase in 1998-2002 (Figure C18).

The Gulf of Maine principal flounder indices of abundance and biomass (Figure A8),
dominated by American plaice and witch flounder, decreased in the early 1960s and increased in
the 1970s. All indices declined sharply in the early 1980s, and the biomass indices remained
relatively low through 2002. The abundance indices, however, fluctuated widely from 1985
through 2002, particularly in the autumn, in response to apparent variability in recruitment. The
deviation between the trend in biomass and abundance indices implies a reduction in mean
weight of this group in recent years. The early reduction in abundance is evident in the
distribution maps and there has been a shift in distribution from the central Gulf of Maine to the
inshore areas of the Gulf of Maine (Figure C19).

Autumn and spring biomass and abundance indices for small-mesh groundfish show a
pattern similar to that of silver and red hake, because they are dominated by those two species
(Figure A8). All indices fluctuated considerably since 1980, but indicate a general increase in
both abundance and biomass for this group through 2002, which is reflected by the increase in
the abundance of fish in the central Gulf of Maine (Figure C20).

The spring indices of biomass and abundance for other groundfish in the Gulf of Maine

show an increase in the early part of the time series to a high level in the mid-1970s (Figure AS8).
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In the early 1980s, a sharp decrease occurred in both biomass and abundance indices. The
spring biomass index has since continued to decline, while the abundance index has remained
constant. The autumn indices fluctuated without trend for most of the time series (Figure AS8)
until the mid-1980s, when a decline in biomass and an increase in abundance occurred. This
group of species is dominated by goosefish but also reflects the declines noted earlier for

wolffish and cusk beginning in the mid-1980s.

Georges Bank

Principal groundfish indices of biomass and abundance show similar patterns in both
seasons (Figure A9). This group was dominated by cod and haddock through the survey period.
Both spring and autumn indices reveal a consistent pattern of increased abundance and biomass
during the 1970s, followed by sharp declines in both indices to historic low levels during the
mid-1980s. An increase and subsequent decline in biomass in the autumn survey during the late
1980s reflects recruitment of several low to moderate year classes of cod and haddock on
Georges Bank during the 1980s. Abundance and biomass indices were at or near record-low
levels in the mid-1990s, but increased slightly through 1997. Survey indices for this group
increased through 2002, particularly in the autumn survey due to the increases in haddock
abundance and biomass. In the early part of the time series, principal groundfish were found all
over Georges Bank (Figure C18). As the abundance declined in the late 1980s and early 1990s,
catches occurred mostly on the Northeast Peak and in the Great South Channel.

The principal flounder indices for Georges Bank have fluctuated considerably over the
survey period, but revealed consistent declines in abundance and biomass (Figure A9). This

group was dominated by yellowtail flounder and winter flounder. Much of the variability in the
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abundance index was due to fluctuations in winter flounder recruitment, but both species
experienced consistent declines in both indices since the late 1970s or early 1980s. Both indices
were at or near historic lows with respect to the autumn series through the early 1990s. The
subsequent increases reflected higher catches of yellowtail flounder on the southeast part of
Georges Bank (Figure C7) and increases in winter flounder abundance. The decline in
abundance through 1993-1997 is evident in the distribution maps (Figure C19) as well as the
subsequent increase through 2002.

Small-mesh groundfish indices of biomass and abundance fluctuated considerably
without any distinct trends throughout both spring and autumn series (Figure A9). These indices
reflect trends in both stocks of silver hake and red hake throughout Georges Bank. As a result,
the aggregate indices do not depict consistent trends for either of the stocks.

Abundance and biomass indices for other groundfish for both seasons on Georges Bank
display similar patterns (Figure A9). This group is dominated by goosefish in this region and the
aggregate indices reflect the recent decline in mean weight of the stock. Both surveys indicate

that biomass for this group through 2002 was at or near record-low levels.

Southern New England

The spring indices of principal groundfish off Southern New England are highly
variable, but indicate a general decline in abundance and biomass over the time series (Figure
A10). The autumn survey also fluctuated with more consistent declines during the 1960s and
1970s (Figure A10). However, the trend in abundance was affected by the one large index in

1987, caused by three very large tows of small haddock. Most of the principal groundfish are at
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the end of their geographic range and, therefore, occur more sporadically in survey catches in
this region (Figure C18).

The indices for principal flounders off Southern New England are dominated by
yellowtail flounder and reflect the trend for this species. Abundance and biomass declined
sharply in the early 1970s, increased during the late 1970s and early 1980s due to improved
recruitment, but subsequently declined to historic lows in the 1990s (Figure A10). The slight
increase in 1994 (autumn) and 1995 (spring) is due to winter flounder and windowpane flounder
indices. The indices in both surveys remained near historic lows through 2002. The distribution
maps for this group show the decline in abundance over time from the early 1960s through 1998-
2002 (Figure C19).

Spring and autumn indices for small-mesh groundfish are highly variable (Figures
A10), reflecting trends in the southern stocks of red and silver hake. The sharp but consistent
decline in spring abundance and biomass reflects overall trends for all three species in this group
and is reflected in the distribution maps (Figure C20).

Biomass and abundance indices from spring surveys for other groundfish suggest a
sharp decline since the 1970s in both seasons (Figure A10). The large increase in both indices in
1981 is due to a large increase in goosefish biomass and abundance. Abundance and biomass for
this group off Southern New England remained among the lowest on record through 1997, with
some increase through 2002. The lack of fish in Southern New England can be seen in the

distribution maps (Figure C21).
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Massachusetts Inshore Survey

Biomass and abundance indices of principal groundfish (cod, haddock, and white hake),
flatfish (yellowtail flounder, American plaice, witch flounder, winter flounder, and windowpane
flounder), small-mesh groundfish (silver hake, red hake, and ocean pout), and other groundfish
(wolffish and goosefish) were derived for the entire Massachusetts inshore strata set (Figure B6).
MADMEF spring biomass indices of each species group declined through 1997, and the autumn
index of other groundfish declined. The MADMF principal groundfish index reflects the
MADMEF cod index (Figure B1), because the catch is dominated by catches of cod. This is
reflected in the increase observed in the last five years in both spring and autumn. The maps
display a seasonal difference in distribution and the changes in abundance over time (Figure
D17). The principal flounder autumn survey index declined in the early part of the time series,
increased through the early 1990s, and was stable for the rest of the time period. The maps show
a relatively stable abundance north of Cape Cod but a decline in abundance south of Cape Cod,
driven by winter flounder (Figure D18). Small-mesh groundfish inshore indices are influenced
by all three species in the group, show a decline in abundance in the spring, and fluctuate
without trend in the fall. The maps show no trends by season or time (Figure D19). The other

groundfish indices are almost identical to goosefish and the maps are also similar (Figure D20).

Trend Analyses

The total number of time series was 160 (abundance and biomass indices for 25 stocks
from 2 to 4 surveys). At the 95% confidence level, 68 regressions were not significant, 81
estimates of I were significantly negative, and 11 r estimates were significantly positive (5%, or

eight regressions should be falsely significant by chance, Table 2). Estimates of r had common
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signs within stocks, except American plaice, and values of r were generally similar within
stocks.

All NEFSC indices of abundance and biomass significantly decreased for Georges Bank
cod, southern New England — Mid Atlantic yellowtail flounder, southern New England — Mid
Atlantic winter flounder, southern windowpane, southern red hake, and cusk. Most MADMF
indices were also negative for these stocks, but some were insignificant. All indices of goosefish
biomass significantly decreased. The most rapid decrease was exhibited by southern New
England yellowtail NEFSC abundance indices, which declined by nearly 10% per year (¢'* =
0.90).

Gulf of Maine cod, both haddock stocks, pollock, white hake, Georges bank yellowtail,
plaice, witch, Georges Bank winter flounder, southern silver hake, ocean pout, and wolffish had
significant decreases, but regressions for some survey indices were insignificant. NEFSC spring
indices of American plaice abundance and biomass significantly decreased, but the MADMF
autumn biomass index significantly increased.

Regressions of all redfish and Gulf of Maine winter flounder indices were insignificant.

Significant increases were also found for northern windowpane (three of four indices), northern

silver hake (three of four indices), and northern red hake (all four indices).

CONCLUSIONS
These results indicate that most northeast groundfish stocks significantly decreased over
the last four decades. Based on model assumptions, it appears that total mortality rates had

exceeded population growth rates for these stocks.
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Of the twenty-five stocks examined, only three stocks showed an increase in abundance
and biomass in the NEFSC surveys over the time-series. Two stocks mostly fluctuated without
trend. However, twenty (80%) of the stocks declined throughout most of the time-series. This
was a cause for concern, since some of these stocks were considered to be "under-utilized"
(NEFSC 1993). The status of some of these stocks has changed since 2002, although most still

remain at low abundance and biomass even after some increases (Mayo and Terceiro 2005).
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Table 1. Strata sets used for the NEFSC and the Massachusetts Inshore surveys. Conversion factors and

transformations are also listed if any were applied to the NEFSC data (V = Vessel

D = Door, G = Gear).

Stock NEFSC Strata Set Conversion | Transform | Massachusetts Strata
GM Cod Offshore 26-30, 36-40 D,V gse-t%
GB Cod Offshore 13-25 D,V -
GM Haddock Offshore 26-28, 36-40 D,V 25-36
GB Haddock Offshore 13-25, 29-30 DV -
Pollock Offshore 13-30, 33-34,36-40 - Log 11-36
Redfish Offshore 24, 26-30, 36-40 - 11-36
White Hake Offshore 21-30, 33-40 - 11-36
GB Yellowtail Flounder Offshore 13-21 D,V,G -
SNE-MA Yellowtail Flounder Offshore 1-2,5-6, 9-10, D\V.G 11-16
69, 73-74 Spring Only
CC Yellowtail Flounder Offshore 25-27, 39-40 D\V.G 17-36
Inshore 56-66 (Fall no offshore 27)
American Plaice Offshore 13-30, 36-40 D 25-36
Witch Flounder Offshore 22-30, 36-40 - 25-36
GM Winter Flounder Offshore 26-27, 38-39 D 25-36
Inshore 58-61, 65-66
GB Winter Flounder Offshore 13-22 D -
SNE-MA Winter Flounder Offshore 1-12, 25, 69-76 D 11-21
Inshore 1-29, 45-56
GM-GB Windowpane Flounder Offshore 13-29, 37-40 - 11-36
SNE-MA Windowpane Flounder Offshore 1-12, 61-76 - -
GM-NGB Silver Hake Offshore 20-30, 36-40 - Delta 11-36
SGB-MA Silver Hake Offshore 1-19, 61-76 - Delta -
GM-NGB Red Hake Offshore 20-30, 36-40 - Delta 11-36
SGB-MA Red Hake Offshore 1-19, 61-76 - Delta -
Ocean Pout Offshore 1-26, 73-76 - 11-36
Wolffish Offshore 21-40 - 11-36
Goosefish Offshore 1-30, 34-40, 61-76 - Delta 11-36
Cusk Offshore 21-40 - -
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Table 2. Instantaneous rates of change from exponential regressions of survey indices over time.

NEFSC NEFSC
spring autumn

Stock abundance abundance

GB cod -0.040 -0.038

GOM cod ns -0.029

GB haddock ns -0.033

GOM haddock ns -0.057
pollock ns ns

redfish ns ns

white hake ns ns

GB yellowtall ns -0.045
SNE-MA yellowtall -0.104 -0.105
CC-GOM yellowtall ns ns
American plaice ns ns
witch flounder -0.022 ns

GB winter flounder ns ns
GOM winter flounder ns ns
SNE-MA winter flounder -0.023 -0.023
northern windowpane ns 0.025
southern windowpane -0.044 -0.049
northern silver hake 0.053 0.051
southern silver hake -0.028 ns
northern red hake 0.046 0.063
southern red hake -0.044 -0.028
ocean pout -0.019 ns

wolffish -0.056 -0.031

goosefish ns ns

cusk -0.056 -0.036

MADMF

spring
abundance

MADMF
autumn
abundance

ns
ns
ns
ns
-0.048

NEFSC
spring
biomass
-0.048
-0.032
ns
-0.034
-0.044
ns
-0.037
ns
-0.095
ns
-0.022
-0.069
-0.029
ns
-0.029
0.034
-0.037
ns
-0.042
0.032
-0.058
ns
-0.085
-0.050
-0.079

NEFSC
autumn
biomass
-0.051
-0.047
-0.050
-0.070
-0.038
ns

ns
-0.044
-0.103
ns

ns
-0.048
-0.020
ns
-0.022
0.023
-0.046
0.028
-0.023
0.054
-0.051
ns

ns
-0.039
-0.061

MADMF

spring
biomass

ns

ns
-0.010

ns
-0.013

-0.005

MADMF
autumn
biomass

ns
ns
ns
ns
-0.020

ns

ns
0.025
-0.026
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Figure 1. Strata sampled on NEFSC offshore bottom trawl surveys. Depths range from 27 to >
200 meters.
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Figure 2. Strata sampled on NEFSC inshore bottom trawl surveys from Eastport, ME to
Buzzards Bay, MA. Depths range from 0-54 meters.
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Figure 3. Strata sampled on NEFSC inshore bottom trawl surveys from Buzzards Bay, MA to
Delaware Bay, DE. Depths range from 0-27 meters.
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Figure 4. Strata sampled on NEFSC inshore bottom trawl surveys from Delaware Bay, DE to
Cape Hatteras, NC. Depths range from 0-27 meters.
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Massachusetts DMF Trawl Survey Strata
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Figure 5. Strata sampled on Massachusetts DMF inshore bottom trawl
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APPENDIX A.

Abundance and biomass indices from NEFSC spring and autumn bottom trawl surveys
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Figure A1.  Abundance (dashed line) and biomass (solid line) indices for Gulf of Maine cod, Georges Bank
cod, Gulf of Maine haddock, and Georges Bank haddock from the NEFSC spring and autumn
surveys, 1963-2002.
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Figure A2. Abundance (dashed line) and biomass (solid line) indices for pollock, Acadian redfish and white
hake from the NEFSC spring and autumn surveys, 1963-2002.
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flounder, and American plaice from the NEFSC spring and autumn surveys, 1963-2002.
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Figure AS. Abundance (dashed line) and biomass (solid line) indices for Gulf of Maine-Georges Bank
windowpane flounder and Southern New England-Mid-Atlantic windowpane flounder from the
NEFSC spring and autumn surveys, 1963-2002.
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Figure A6. Abundance (dashed line) and biomass (solid line) indices for Gulf of Maine- Northern Georges Bank

silver hake, Southern Georges Bank-Mid-Atlantic silver hake, Gulf of Maine-Northern Georges Bank
red hake, and Southern Georges Bank-Mid-Atlantic red hake from the NEFSC spring and autumn
surveys, 1963-2002.
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Figure A8. Abundance (dashed line) and biomass (solid line) indices for principal groundfish (Atlantic cod,
haddock, pollock, Acadian redfish, and white hake), principal flounders (yellowtail flounder, American
plaice, witch flounder, winter flounder, and windowpane flounder), small-mesh groundfish (silver
hake, red hake, and ocean pout) and other groundfish (Atlantic wolffish, goosefish, and cusk) from the
NEFSC spring and autumn surveys in the Gulf of Maine, 1963-2002.
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Abundance (dashed line) and biomass (solid line) indices for principal groundfish (Atlantic cod,

haddock, pollock, Acadian redfish, and white hake), principal flounders (yellowtail flounder, American
plaice, witch flounder, winter flounder, and windowpane flounder), small-mesh groundfish (silver
hake, red hake, and ocean pout) and other groundfish (Atlantic wolffish, goosefish, and cusk) from the
NEFSC spring and autumn surveys on Georges Bank, 1963-2002.
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Figure

A10. Abundance (dashed line) and biomass (solid line) indices for principal groundfish (Atlantic cod,
haddock, pollock, Acadian redfish, and white hake), principal flounders (yellowtail flounder, American
plaice, witch flounder, winter flounder, and windowpane flounder), small-mesh groundfish (silver
hake, red hake, and ocean pout) and other groundfish (Atlantic wolffish, goosefish, and cusk) from the
NEFSC spring and autumn surveys in Southern New England, 1963-2002.
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APPENDIX B.

Abundance and biomass indices from Massachusetts inshore spring and autumn bottom
trawl surveys.
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Abundance (dashed line) and biomass (solid line) indices for Gulf of Maine cod, Gulf of Maine

haddock, pollock and Acadian redfish from the Massachusetts inshore spring and autumn surveys,

1978-2002.
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Abundance (dashed line) and biomass (solid line) indices for white hake, Southern New England
yellowtail flounder, Cape Cod yellowtail flounder and American plaice from the Massachusetts

inshore spring and autumn surveys, 1978-2002.
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Figure B3.  Abundance (dashed line) and biomass (solid line) indices for witch flounder, Gulf of Maine winter

flounder, Southern New England-Mid-Atlantic winter flounder and windowpane flounder from
the Massachusetts inshore spring and autumn surveys, 1978-2002.
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from the Massachusetts inshore spring and autumn surveys, 1978-2002.
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Figure B5.

Abundance (dashed line) and biomass (solid line) indices for Atlantic wolffish and goosefish from

the Massachusetts inshore spring and autumn surveys, 1978-2002.
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Abundance (dashed line) and biomass (solid line) indices for principal groundfish (Atlantic cod,
haddock, pollock, Acadian redfish, and white hake), principal flounders (yellowtail flounder,
American plaice, witch flounder, winter flounder, and windowpane flounder), small-mesh
groundfish (silver hake, red hake, and ocean pout) and other groundfish (Atlantic wolffish and
goosefish) from the Massachusetts inshore spring and autumn surveys, 1978-2002.

52

Stratified Mean Number per Tow



APPENDIX C.

Distribution maps from NEFSC spring and autumn bottom trawl surveys.
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Distribution of pollock in the NEFSC spring and autumn bottom trawl surveys from 1983-1992.

Figure C4c.
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Distribution of pollock in the NEFSC spring and autumn bottom trawl surveys from 1993-2002.

Figure C4d.
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Distribution of witch flounder in the NEFSC spring and autumn bottom trawl surveys from 1993-2002.

Figure C9d.



"TL6T-£96 WOIJ SAdAINS [MeI} WO030q uwmne pue Surids DS IAN Y} Ul JPUNO[J IJUIm Jo uonnguusiq e[ 231

————rt 068 e
Z.61-8961 Z.61-8961 et ]
I feop t - : s o0t
i fobt
- ._ to2b i * ,. . . * . 4, . b - _. toab
[<EF TEF
Cl44 Tevr
ysid jo Jaquiny i ysid jo Jaquiny
i — i

oL 2L &L L 8L

sAaning Buudg

L L sl

¥ ysid jo Jaquinny
> . . . __ L . .Sm . .
oG8 99 olS 89 o6 0L obl Bl ofL oVl oS/

sfaaing uwniny Japunoj J3JUIM

90



"7861-€L61 WOIy SKAINS [MeI) wopoq uwmnne pue Sutids HSIAN Y} Ul JOPUNO[J ISIUIM JO UONNQINSI "qQ1D 2InJ1]

/

259 am_m ol8 089 om_m oow
sAaAIng uwniny

DFh

Japunoj{ JajuIp

sAaning Buudg

o6 68
T0F T1o0F
‘. et ; oLt
Tegl ol
teb EF
Tebt ot
ysid jo Jaquiny ysi4 4o 1aquiny
_ - ob 2 v i ab
o8l 8L ¥l &L oG9 <89  ol8 089 0L obl Bl ofL oL oSL
e 1161-€161 -
,‘.on ,\.oov
N
Jolb - Jobv
7 -
2 \ /.ﬂ.ma 3 %
1o \ N [0
\\s/
a..w e
A\\Iah.l )
Te&b 1 \u - Bog
oy
SIS
.nv._w o,vv
Ysi4 jo Jagquinp . \ ! Ysi4 jo JaquinN
- O s I -
2L L vl sl oG9 09 0L oL 2L &L vl 8L

91



"T661-€861 WoJ sKoAIns [mer) wopoq uwmne pue Junids HSJAN Y3 U JOpUNO[J JUIM JO UONQLUSI 901D 1]

t Fj-6E «BE
¢661-8861 ¢661-8861
10k E
e _\( ./D 3 [l
. Al
M\\ 1 oLb
\_w N . i
VISR
( o
A /fum...wmﬂ.bu foev foev
Z 9,V <
N,
e RPN ® ey 8
ey we (0 *
%«»;W r.‘_/__._ / .
i _ ‘P * |lbb Tobtr
/ \_‘\
g\&%mmi‘m _ '
A.\ /“Nxm.ék& _ Ysl4 Ja Jaguiny Ysi4 Jo Jaquiny
R . ' e i T Sp I/ - St
oG9 o899 ol9 89 089 0L oll 8L oEL WL oSL 8L oVl oSf
: n <68 66
1861-£861
10t -0t
R\L)&«J«.WQ s :
., S
W V2 e
N \\\ﬁ\ ) Xy folb oL
H«Wv . N q1° @
._wé f.- . .
« _\K .u,.;.””p
\/@.WV.N\ (), e i [e2v
" S
N
L L
S f,.},.\.‘ 1.£F 1EF
A i % L
il Ay < It L\, V '
! O )/ Tebb 1 R L Tobb
o AL = lge
x\\ &WWWM‘ ysid jo Jaquiny K\ N g Q?J%w m\, ! ysi4 jo Jaquiny
Y ; | ) S % .JW . i i
59 «99 «l9 «89 «69 o0L ol gl oEL 7 om.mumv <99 «99 /9 «89 «69 0L alld oGl oEL ol nm.%mv
sAaAning uwniny sAaning Buudg

Japunoj4 JaJUIpA

92



Autumn Surveys

Winter Flounder

66°

Spring Surveys

B5°
B5°

66°
66°

87°

A

A
1993-1997
1998-2002

70° B9° B8°
uo 680

70°

71°
71°

7ae
¥
72°

50
100
G54
,__J,-b-;i
ey
..
¢
=

= . 3 % = W

JOf S SRR RNV § S
k= 2 = - = 2 ' ol y -~

o 2 S - o 2 - o 55 o TS ‘/ za‘.
=| £ Ny . & = o o 2 . -
M~ 3 ! [ P~ 3 ! e

= / = SN

o000 , +r o 02000 .

i A 2 5 ) s A 5
hb o o ‘O;I ; o 0: ro h'b o 0' BI o OI: o
2 3 2 g = g 3 2 3 e g I g 3
i i
©

67°

1993-1997

0
@1
o o
o o
o1 =]
o
o
s
Fall |
.1
o
Bl 8

=
e o [
N & B
~t ~t |

< o

=) o g
=+
Nt Nt 5

=

LN ] - o8

o . A s} - .
r\u o ﬂ: o D. O: o r\b o 0: =] ﬂ: 0: o
o =+ o o — (=] o wy =+ (] o — (=3 o
< < < < < T 2] < < < < < = 2]

93

Figure C10d. Distribution of winter flounder in the NEFSC spring and autumn bottom trawl surveys from 1993-2002.
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Figure Cl4a. Distribution of ocean pout in the NEFSC spring and autumn bottom trawl surveys from 1963-1972.
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Figure Cl6a. Distribution of goosefish in the NEFSC spring and autumn bottom trawl surveys from 1963-1972.
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APPENDI X D.

Distribution maps from Massachusetts inshore spring and autumn bottom trawl surveys.
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Figure Dla. Distribution of survey station locations in the Massachusetts inshore spring and

autumn bottom trawl surveys from 1978-1987.
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Figure D1b. Distribution of survey station locations in the Massachusetts inshore spring and
autumn bottom trawl surveys from 1988-1997.
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Figure Dlc. Distribution of survey station locations in the Massachusetts inshore spring and

autumn bottom trawl surveys from 1998-2002.
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Figure D2a. Distribution of Atlantic cod in the Massachusetts inshore spring and autumn
bottom trawl surveys from 1978-1987.
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145



Spring Surveys

70"

I

41°

4

A Number of Fish

. 1- 10
T e 11 - 50
e 51 - 100
® 101 - 300
® 201 - 2924
s .',
./ Y

1998-2002

Figure D2c.

Atlantic Cod

41°

bottom trawl surveys from 1998-2002.

146

Autumn Surveys

: S { ?? )
¥ 2] Number of Fh
,\/J},i%. o 1 - 1:
/__! _h Te 11- s0
4 A e 51 - 100
%(_ : ® 101 - 300
,,%.‘.-\-.-I*‘“" @® 01 - 2024

L7

7 ine

1998-2002

Distribution of Atlantic cod in the Massachusetts inshore spring and autumn



Spring Surveys

Haddock

41°

70°
A ~
Number of Fish
. 1 5
. & 20
s 2 a0 -
L ] 41 100

( '_3';

\ oy

N

N

\ NN -
T\\ \\ N @ '
a7 <

%R AN

-
m»—éj \\?\\\.. EP’»&? A
j x-.___\ e I;‘I:./.
ﬁiﬁ(ﬂ )

1978-1982

41°

Autumn Surveys
70"
r_/,-"l.';;a'"\ /-. /Nljlf;eloiﬁ’ah\ ‘
% N . j: . 40
. - -'. ; 101 ‘- 1:004
.‘. 9 — ;\JE E
e w0
"“-;; Tt hq WL
{ e%e e /1_' :'I.
&‘g %.ﬂ_ﬁgﬁ/—:—’ —51 E\\
3‘&3 ‘ ?‘ yﬂf"'%"m' f NS
PP
‘r? ﬁ{l
<
L\{f ‘{3%
1978-1982

71"

70

41°

"~

1983-1987

41°

70"

TTH

AT ‘\“\
Number of Fish

1983-1987

Figure D3a.

trawl surveys from 1978-1987.

147

Distribution of haddock in the Massachusetts inshore spring and autumn bottom
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Figure D3c. Distribution of haddock in the Massachusetts inshore spring and autumn bottom
trawl surveys from 1998-2002.
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trawl surveys from 1978-1987.
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Figure D18c. Distribution of principal flounders (yellowtail flounder, American plaice, witch
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Figure D19b. Distribution of small-mesh groundfish (silver hake, red hake, and ocean pout) in

the Massachusetts inshore spring and autumn bottom trawl surveys from 1988-
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Figure D19c. Distribution of small-mesh groundfish (silver hake, red hake, and ocean pout) in

the Massachusetts inshore spring and autumn bottom trawl surveys from 1998-
2002.
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Figure D20a. Distribution of other groundfish (Atlantic wolffish and goosefish) in the
Massachusetts inshore spring and autumn bottom trawl surveys from 1978-1987.

198



Spring Surveys

cher Groundfish

Autumn Surveys

‘f( ) "I-H,_ S \"\ / i :i\_) AT, 1
; Number of Fish . J:' A Number of Fish
. 1. 2 N A 12
L e 3- 4 K i q s B S
; PN
e 5. 8 - e 5- &
e 9- 15 %f;}l‘t e - 15
® 15- 4 ’35)”" d ® 15- 4
. N
\\ : /\ \ l /‘
& v AN °s e\
ap Sa : AR azof- - Do \R O\ N
:\ Sy Ry ) : R N
%‘ﬁw §~yi/&“w - RN R ﬁi}\w L RN
E‘:»M’a/gw. o ‘? PO AN AADE &_ﬁ\, g e AN
0 S P el AL R T
\ﬁ'-f 11) b ) g 5,{;@ AN
lru. Ll 2 ﬂ"/;ﬁj‘ﬂf‘ lr.?“(".‘l’v" L }‘xfj;ﬁ;l
T N : VLY
& S A
- ) - )
. 1988-1992 . 1988-1992
. 71° 70° . 71 70°
) / ’ ) ~ I er ’ :I‘.x_ 7 .r"'rl:i. ~
i i "ﬂ_gq ,f&%\/ ) Nurnk;er_cﬂ F:h |
) - - e 3. s “
- L Al
%fy "‘ : : 185
;_”“ !.‘.. ® 16 - 4
d . 7
Pl
%‘\ y \\//,j 7
‘X . * ‘- -(b;_\\ 'n\\ i
o -— b " . O ;
42 f"\ .! . -. lr\\ \\II", \'\.
! ” Ay
WMeS e e é N\
A !mf" : ﬂafv‘?’za / >
HL 00 R 4
J¥art) & A
/ ALY
G A
1993-1997 1993-1997
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Massachusetts inshore spring and autumn bottom trawl surveys from 1988-

1997.
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Figure D20c. Distribution of other groundfish (Atlantic wolffish and goosefish) in the

Massachusetts inshore spring and autumn bottom trawl surveys from 1998-

2002.
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Procedures for Issuing Manuscripts
in the
Northeast Fisheries Science Center Reference Document (CRD) Series

Clearance: All manuscripts submitted for issuance as CRDs
must have cleared the NEFSC 's manuscript/abstract/webpage
review process. If any author is not a federal employee, he/
she will be required to sign an “NEFSC Release-of-Copy-
right Form.” If your manuscript includes material lifted from
another work which has been copyrighted, then you will
need to work with the NEFSC’s Editorial Office to arrange for
permission to use that material by securing release signa-
tures on the “NEFSC Use-of- Copyrighted-Work Permission
Form.”

Organization: Manuscripts must have an abstract and table
of contents, and — if applicable — lists of figures and tables.
As much as possible, use traditional scientific manuscript
organization for sections: “Introduction,” “Study Area”/
“Experimental Apparatus,” “Methods,” “Results,” “Discus-
sion” and/or “Conclusions,” “Acknowledgments,” and “Lit-
erature/References Cited.”

Style: The CRD series is obligated to conform with the style
contained in the current edition of the United States Gov-
ernment Printing Office Style Manual. That style manual is
silent on many aspects of scientific manuscripts. The CRD
series relies more on the CBE/CSE Style Manual. Manu-
scripts should be prepared to conform with these style manu-
als.

The CRD series uses the American Fisheries Society’s
guides to names of fishes, mollusks, and decapod crusta-
ceans, the Society for Marine Mammalogy’s guide to names
of marine mammals, the Biosciences Information Service’s
guide to serial title abbreviations, and the International Stan-
dardization Organization’s guide to statistical terms.

For in-text citation, use the name-date system. A spe-
cial effort should be made to ensure that all necessary bib-
liographic information is included in the list of cited works.
Personal communications must include date, full name, and
full mailing address of the contact.

Preparation: Type a clean/neat, single-spaced version of
the document. The document must be paginated continu-
ously from beginning to end and must have a “Table of
Contents.” Begin the preliminary pages of the document —
always the “Table of Contents” — with page “iii.” Begin the
body of the document — normally the “Introduction” —
with page “1,” and continuously paginate all pages includ-
ing tables, figures, appendices, and indices. You can insert
blank pages as appropriate throughout the document, but
account for them in your pagination (e.g., if your last figure
ends on an odd-numbered/right-hand page such as “75,”
and if your next page is the first page of an appendix, then
you would normally insert a blank page after the last figure,
and paginate the first page of the appendix as “77” to make
it begin on an odd-numbered/right-hand page also). For-
ward the final version to the Editorial Office as both a paper
copy and electronically (i.e., e-mail attachment, 3.5-inch
floppy disk, high-density zip disk, or CD). Microsoft Word
should be used to create all text files.

Production and Distribution: The Editorial Office will de-
velop the inside and outside front covers, the inside and
outside back covers, and the title and bibliographic control
pages (pages “i” and “ii”’) of the document, then combine
those covers and preliminary pages with the text that you
have supplied. The document will then be issued online.

Paper copies of the four covers and two preliminary
pages will be sent to the sole/senior NEFSC author should
he/she wish to prepare some paper copies of the overall
document as well. The Editorial Office will only produce
three paper copies (i.e., two copies for the NEFSC’s libraries
and one copy for its own archives) of the overall document.

A number of organizations and individuals in the North-
east Region will be notified by e-mail of the availability of
the online version of the document. The sole/senior NEFSC
author of the document will receive a list of those so noti-
fied.




Research Communications Branch
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

MEDIA
MAIL

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for
the benefit of the nation through their science-based conservation and management and promotion of the health of
their environment." As the research arm of the NMFS's Northeast Region, the Northeast Fisheries Science Center
(NEFSC) supports the NMFS mission by "conducting ecosystem-based research and assessments of living marine
resources, with a focus on the Northeast Shelf, to promote the recovery and long-term sustainability of these
resources and to generate social and economic opportunities and benefits from their use." Results of NEFSC
research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed scientific journals).
However, to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally
releases its results in its own media. Currently, there are three such media:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series typically includes: data reports of long-
term field or lab studies of important species or habitats; synthesis reports for important species or habitats; annual reports of overall
assessment or monitoring programs; manuals describing program-wide surveying or experimental techniques; literature surveys of
important species or habitat topics; proceedings and collected papers of scientific meetings; and indexed and/or annotated
bibliographies. All issues receive internal scientific review and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series typically includes: data
reports on field and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected
abstracts of, and/or summary reports of scientific meetings; and simple bibliographies. Issues receive internal scientific review, but
no technical or copy editing.

Resource Survey Report (formerly Fishermen's Report) -- This information report is a quick-turnaround report on the distribution
and relative abundance of selected living marine resources as derived from each of the NEFSC's periodic research vessel surveys
of the Northeast's continental shelf. There is no scientific review, nor any technical or copy editing, of this report.

OBTAINING A COPY: To obtain a copy of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center
Reference Document, or to subscribe to the Resource Survey Report, either contact the NEFSC Editorial Office (166 Water St., Woods
Hole, MA 02543-1026; 508-495-2350) or consult the NEFSC webpage on "Reports and Publications" (http://www.nefsc.noaa.gov/
nefsc/publications/).

ANY USE OF TRADE ORBRANDNAMESINANY NEFSCPUBLICATION ORREPORTDOESNOT IMPLY ENDORSE-
MENT.
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